Background: Japanese encephalitis (JE) is a leading cause of childhood viral encephalitis both at global level and in China. Vaccination is recommended as a key strategy to control JE. In China most JE cases have been reported in southwest provinces, which include Yunnan. In this study, we quantify the epidemiological shift of JE in Yunnan Province from 2005 to 2017, covering before and after the introduction of JE vaccination into routine Expanded Program on Immunization (EPI) in 2007.
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Background
Japanese encephalitis (JE) is a leading cause of childhood viral encephalitis. It is caused by a flavivirus spread to humans by infected Culex mosquitoes. It is related to the viruses causing dengue, yellow fever, and West Nile fevers [1] . The first case of JE was documented in 1871 in Japan and although it is rarely symptomatic, the case-fatality rate can be as high as 30% [2] . Permanent neurologic or psychiatric sequelae can also occur in 30-50% of those with the encephalitis. There is no cure currently for the disease, and treatment is aimed at relieving severe clinical signs and supporting the patient to overcome the infection [3, 4] .
Globally, 75% of cases occur in children and adolescents leading to an annual incidence of 5.4 cases per 100 000 population [4] . There are 24 countries in the World Health Organization Southeast Asia and Western Pacific regions that have endemic JE virus transmission, exposing more than three billion people to risks of infection. In Asia, the virus is the main cause of viral encephalitis resulting into an estimated 68 000 clinical cases every year [3] .
In China, the number of reported JE cases ranged between 1625 to 2178 in 2011-2013, with the reported incidence rates increasing from 0.12 to 0.16 per 100 000 population, respectively [5] . In 2011 and 2012, most of these cases were reported in southwest provinces, which include Yunnan Province which accounted for 17% of the cases. In Yunnan Province, a total 47 885 JE cases were reported between 1952 and 2015, 14% of whom died [6] .
Safe and effective vaccines have been available to prevent JE, although not routinely used in all affected countries including those bordering China, substantial progress has been made in establishing and strengthening JE immunization programs. Countries which have had major epidemics in the past, but which have controlled the disease primarily by vaccination, include China, Republic of Korea [7] , Japan and Thailand. Other countries that still have periodic epidemics include Viet Nam [8] , Cambodia, Myanmar, India, Nepal, and Malaysia. Nepal [9, 10] , Cambodia and the Laos established national JE immunization programs in 2015-2016 after conducting catch-up campaigns targeting children aged < 15 years. Myanmar, Indonesia, and the Philippines [11] introduced JE vaccination in 2018. China as a country included a two-dose schedule of JE vaccine into routine Expanded Program on Immunization (EPI) in 2007, administered to children at 8 months and 2 years, respectively.
Yunnan is one of the southwest provinces in China most affected by JE, bordering Myanmar, the Laos and Viet Nam. There is cross-border movement in this province with cases of JE reported in both locals and migrants. However, to-date there has been no publications analyzing cases of JE which include the migrant population in Yunnan. We thus set out, using case-based JE surveillance data from 2005 to 2017 in Yunnan Province, to describe the epidemiological and clinical characteristics of the cases before and after the inclusion of JE vaccination into routine EPI program.
Methods

Study design
This was a retrospective study utilizing routinely collected case-based JE data.
Setting
China is divided into 22 provinces, five autonomous regions, four municipalities, and three special administrative regions. Geographically, all provincial divisions can be grouped into six regions, including North China, Northeast China, East China, South Central China, Southwest China and Northwest China. The provinces are divided into prefectures, districts/counties, communities/townships, and neighborhood committees/villages (urban/rural) [12] . Yunnan Province is in southwest of China, bordering the provinces of Guangxi, Guizhou, Sichuan, and the Tibet Autonomous Region, and the countries of Vietnam, the Laos, and Myanmar. The province, with an approximate population of 48 million people [13] , has a tropical to subtropical climate and a diverse biota which is coupled with the complex topography of the China-Myanmar-Laos border [14] . The terrain is largely mountainous, especially in the north and west. Average annual rainfall ranges from 600 to 2300 mm, with over half the rain occurring between June and August. The plateau region has moderate temperatures [13] . The western canyon region is hot at the valley bottoms, but there are freezing winds at the mountaintops, providing favorable environments for the breeding of mosquitoes, a known vector of JE virus [15] .
JE vaccine and coverage estimation
Developed in 1968, JE vaccine was largely unaffordable due to costs. The immunization coverage with the vaccine was low and had no significant impact on the JE pandemic. After inclusion into the EPI in 2008, the national JE incidence rate remained at a low level [16] . Due to the animal reservoirs, JE virus cannot be eliminated but disease could potentially be controlled by universal human vaccination in endemic areas [17] . To estimate the immunization coverage, we used the number of the 1st and 2nd doses of JE vaccine (JE1 and JE2) administered through routine immunization in Yunnan Province each year as numerators, and the published data on number of new births reported in the Statistical Year Book for Yunnan Province as denominators.
JE surveillance system and data resource
Although JE has been a notifiable disease in China since the 1950s, for many years only aggregate data on JE incidence were submitted to the country's province level. In 2005, China began to implement a National Notifiable Disease Reporting System (NNDRS), that permitted surveillance data to flow from hospitals and county-level Centers for Disease Control (CDC) to the national CDC, through a web-based computerized reporting system [18] . The National JE Surveillance Guideline was then issued in 2006 and recommended that case-based JE surveillance be conducted throughout the country.
In this surveillance, a suspected case of JE was defined as a person of any age during a mosquito activity season living in JE epidemic areas or had been to the JE epidemic areas within 25 days before the onset, with acute onset of fever and a change in mental status (including symptoms such as confusion, disorientation, coma, or inability to talk) and/or new onset of seizures [19] . Other early clinical findings may include an increase in irritability, somnolence or abnormal behavior greater than that seen with usual febrile illness. Laboratory confirmation use JE virus-specific IgM antibody ELISA test in a single sample of cerebrospinal fluid (CSF) or serum. The data of every suspected JE case are entered into the case-based JE surveillance system. These include age, sex, location/ residence, occupation, vaccination status, date of onset, clinical manifestation of the disease, and laboratory results.
Cases were investigated by the epidemiological team within 48 h of reporting using a standard questionnaire. They would then be followed-up for treatment outcome after 6 months. The outcome of the patients was recorded at the time of discharge. Few patients were released from the hospital against medical advice and their condition could not be assessed -these were dropped from the outcome analysis. Outcome was defined as recovered completely, recovered with neurological sequelae, and death [20] . Neurological sequelae included loss of muscle strength, muscle tone, muscle feeling, tendon reflexes and pathological reflex, aphasia, cranial nerve system symptoms (dysphagia, salivation, lisping, vision loss, hearing loss), mental state, and with/without epilepsy [21] .
Data analysis
For this report, the case-based JE surveillance data reported between January 2005 and December 2017 were analyzed. Demographic and clinical characteristics were presented in frequencies and proportion. Trends in incidence rates were presented in linear graphical form. In line with the current national JE surveillance guideline, case numbers were counted by date of onset and incidences -expressed as the number of cases per 100 000 population -and compared with population denominators provided by China's National Bureau of Statistics. The spatial distribution was presented using MapInfo 15.0 (Pitney Bowes, Connecticut, US).
Results
Trends in the JE cases
In Yunnan Province, a total of 4780 JE cases were reported during 2005-2017. Of these, 3077 (64%) were laboratory-confirmed while 2899 (61%) were males (Table 1) . Before the two-dose JE vaccination was introduced as part of routine EPI program in Yunnan in 2007, the reported incidence of JE (per 100 000 population) increased from 0.95 in 2005 to 1.69 in 2007. With the increase in uptake and coverage of vaccination, the incidence rate of JE decreased steadily from 1.16 in 2009 to 0.17 in 2017 (Fig. 1) . Even though the seasonality remained similar across the years, peaking in the months of June through September, the number of cases decreased significantly after introduction of JE vaccine (Fig. 2) .
Epidemiological characteristics of the cases
JE cases were reported in all the 16 prefectures of Yunnan Province (Fig. 3) . Banna (bordering Myanmar and Laos), Dehong (bordering Myanmar), Zhaotong (an inland prefecture) had the highest incidence rates (per 100 000 population) of 2.3, 1.9, and 1.6, respectively. Of all JE cases, 0.9% had travelled outside the province while another 0.7% had travelled overseas in the 25 days prior to onset of JE symptoms. The majority (97%) of all cases were among the local residents while the rest (139 cases) were from neighboring nationalities (113 cases from Myanmar, 25 from Laos, 1 from the other country).
Overall, most cases (58%) affected children < 10 years old while adults ≥20 years old accounted for 22% (Table 1). As the vaccination coverage increased from 40% in 2007 to 82% in 2017 (and incidence of JE decreased), the proportion of JE cases among children < 10 years old decreased from 70% in 2005 to 32% in 2017 (Fig. 4) . On the contrary, proportion of cases among adults ≥20 years old increased from 12% in 2005 to 48% in 2017.
Of the 4780 cases, only 4.5% had at least one dose of JE vaccination although for 67% this history was unknown (Table 1) . However, among 328 cases who were between 1 and 9 years of age from 2008 to 2017 birth cohorts and thus were eligible for routine JE vaccination, 18% had at least one dose of JE vaccination.
Treatment outcomes
There were a large number of JE cases with unknown treatment outcome, especially in the earlier years of the surveillance system (2005) (2006) . The proportion cured increased marginally over the years while those with sequela and those who died did not change significantly (Fig. 5 ). This pattern remained even after eliminating unknown from the denominator (data not shown).
Discussion
Our analysis of JE epidemiology from 2005 to 2017 in Yunnan Province of China showed that, with the increase of JE vaccination coverage, the JE incidence rate decreased steadily. Majority of the cases occurred among Yunnan local residents. The shift of cases to adults, as opposed to children, indicates that the older age-groups are now at more risk. Lastly, the large amount of unknown treatment outcome revealed inherent weaknesses of the JE surveillance system. This study utilized surveillance data over a long period of time (13 years), giving a good glance of the JE situation over an extended duration in Yunnan Province. Inclusion of all cases reported in the province in the casebased surveillance system allowed for individual followup of all reported cases. The reporting of this study also followed the Strengthening the Reporting of Observational Studies in Epidemiology and the REporting of studies Conducted using Observational Routinelycollected health Data guidelines [22, 23] .
Vaccine is the most effective and economic way in preventing infectious diseases [24] [25] [26] . Studies have shown that the routine use of JE vaccines results in dramatic decrease of cases and incidence rates [27] [28] [29] . Shift of cases to adults (as opposed to children) indicate that the older age groups are now at more risk of JE than the target population. To combat this, it is important to continue strengthening the vaccination program among children, as this will ensure that their risk of JE remains low even as they grow into adulthood. However, focus should also now be put to ensure that adults at risk in the endemic areas get vaccinated for JE. As it is, the vaccine is out-of-reach for many adults as they have to pay out of their pockets. The vaccine should therefore be made more affordable and available to the at-risk groups in the endemic areas. It should also be integrated into routine EPI for adults at risk. Whether repeat vaccination is needed during teenage-hood and/ or adulthood also need to be evaluated depending on efficacy and long-term protection provided by the vaccine.
Although most cases recorded in Yunnan Province were from locals, the number of cases from the bordering nations cannot be ignored. For total control and elimination of JE in Yunnan and even the whole nation, concerted efforts also need to be made by the neighboring countries. A multinational approach to JE surveillance and management should be strengthened. There is also need to now embark on contact investigation and management for every reported JE case according to the National JE Surveillance Guideline.
JE surveillance has been established or strengthened during the last few years in several countries. Since 2012, national surveillance programs have been established in Brunei, Democratic People's Republic of Korea, and Timor Leste, and expanded in India and Nepal. However, the need to enhance the quality of JE surveillance is well recognized [17, 30] . Our study revealed the same situation -although the system has been in place for 13 years in Yunnan Province, there are aspects of its quality which still need to be improved. These include completeness of data (for example, vaccination history and treatment outcome) and its use for epidemiological investigations like contact tracing and follow up of cases.
Our study had several limitations: there were significant missing data in key variables like severity of disease, vaccination status, treatment outcome and testing of suspected cases, which introduce bias and limits analysis and interpretation; likewise, no significant rainfall, temperature or mosquito surveillance data -which are related to JE -were collected or analyzed. However, we plotted the trends in cases showing the months in which cases peaked. This may help in further analyzing the data to determine if weather and mosquito patterns play a role and point if monitoring the changes in climate and mosquito density and control, and predicting JE tendency using the mathematical model [31] , could be useful.
Conclusions
The 13-year JE surveillance data in Yunnan Province showed dramatic decrease of total incidence and the cases shift from children to adults. Improving the twodose JE vaccination coverage, including access to adults at risk, and strengthening the JE surveillance system is needed to further control or eliminate JE in Yunnan Province.
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